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Alternative Food to Mitigate 
Protein Deficiency in Developing 
Countries
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Abstract
Maize (Zea mays L.) plays a significant role in human nutrition and animal feed. 
After the discovery of opaque-2 mutants in maize, that produces with enhanced 
levels of lysine and tryptophan. Quality protein maize (QPM) holds superior 
nutritional value and is essentially exchangeable with normal maize. The increasing 
use of maize as feed, increasing interest of the consumers in nutritionally enriched 
products and rising demand for maize seed are the core driving forces behind 
emerging importance of maize crop in India. Protein malnutrition is a serious global 
issue demanding huge resources on healthcare. The problem can be addressed to a 
considerable extent by shifting to quality protein maize diet. The development of 
QPM hybrids through advanced breeding approach like molecular marker-assisted 
breeding was adopted. It could solve the issue related to protein deficiency in 
developing countries.
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1. Introduction
Improvement of protein quality of maize incorporated the mutant gene called 
opaque-2, thus leading to the development of quality protein maize (QPM). Several 
natural mutants, which confer the highest lysine and tryptophan levels, had been 
identified in the 1960s and 1970s, i.e. opaque-2, opaque-6, opaque-7, floury-2 and 
floury-3 [1]. QPMs are having more quantity of lysine and tryptophan and lesser 
quantity of leucine and isoleucine. Baby corn, sweet corn, popcorn, waxy corn 
and high oil corn were targeted to develop quality protein maize [2]. QPM hybrids 
with different kernel colors have been developed and are released in India for their 
cultivation in various agroclimatic conditions. The technology involved in the 
production of QPM and normal maize are the same, but QPMs should be grown 
separately to maintain its purity.
In the QPM, recessive opaque-2 (o2) allele has been successfully utilized in 
the conversion breeding program for increasing the quality of protein in maize 
[3]. Primarily, maize varieties with o2 mutation were not chosen by farmers and 
consumers, because of opaque endosperm. Opaque-2 mutant is susceptible to pests 
and diseases, and it also undergoes grain breakage during milling [4]. Endosperm 
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modifier genes, which present hard endosperm in the o2 background, were devel-
oped at the International Maize and Wheat Improvement Center (CIMMYT), 
Mexico [5], and University of Natal, South Africa [6]. This leads to the development 
of nutritionally enriched hard endosperm maize, widely known as ‘quality protein 
maize’ [3].
2. Nutrition deficiency and related challenges
With the increasing world population, enhancing the production of food and 
nutritional quality of staple crops is the strategy to address the emerging food 
crises [7]. A food crisis causes multidimensional effects on human nutrition, and 
it causes malnutrition. It also has effects on the supply of food quantity and qual-
ity of food. In the last two decades, these problems have been tried to be solved 
to reduce the proportion of the world’s malnourished population [8]. Protein 
deficiency malnutrition has emerged as a major nutritional problem, particularly in 
the developing countries [9]. In the developing countries, cereals play an important 
source of dietary protein for humans, which comprise 70% of the protein intake 
[10]. Maize is the world’s third primary cereal crop, which is an important protein 
source used as food and feed for humans and animals and also used in corn starch 
industry, corn oil production, etc. [11]. QPM has more quantity of carbohydrates, 
fats, proteins, vitamins and minerals. It is also called as a ‘poor man’s cereal crop’. 
In developing countries like Africa and Latin America, as the animal protein is very 
limited and expensive, which results in being unavailable to a vast sector of the 
population, maize grains provide about 15–56% of total daily calories in people’s 
diets [12]. Nearly 9.09 million hectares were allocated to cultivate maize, which 
produces nearly 24.26 million tons in India and can be cultivated throughout the 
year [13]. Maize proteins consists just 1.81 and 0.35% of lysine and tryptophan 
content, respectively, which is very low compared with the Food and Agriculture 
Organization (FAO) recommendation. From the human nutrition perspective, 
lysine and tryptophan are the most considerable limiting amino acid in the maize 
endosperm protein. Thus humans and other monogastric animals should include 
other alternative sources of lysine and tryptophan in their healthy diets [14]. Babies 
fed on normal maize without any protein supplements suffer from malnutrition 
and develop Kwashiorkor disease [15]. In this context, the International Maize 
and Wheat Improvement Center (CIMMYT) and the International Institute of 
Tropical Agriculture (IITA) are developing varieties to improve the protein quality 
of maize by incorporating the opaque-2, along with modifier genes, thus increas-
ing the amount of lysine (>4.0%) and tryptophan (>0.8%) contents in the whole 
grain compared with normal maize [16]. Maize cultivars containing high yield 
with increasing levels of lysine and tryptophan and having the kernel structure of 
conventional maize have the potential to reduce the malnutrition [14].
3. Storage proteins in QPM
The mature maize kernel consists of a germ, pericarp and endosperm. An 
endosperm consists of 90% starch which is a source of concentrated energy and 
10% protein which include albumins, globulins, zein and glutelin out of which zein 
consists 50–70% of total proportion [10]. Zeins are the important storage proteins; 
these forms as deposit on rough endoplasmic reticulum-delimited protein bodies 
(PBs) [17]. During the maturation of kernel, these protein bodies become densely 
packed between starch grains in the vitreous regions of the endosperm [18]. Zeins 
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are a group of four structurally distinct alcohol-soluble proteins (α-zein, β-zein, 
γ-zein and δ-zein) [17] present only in seeds’ endosperm and playing a key role in 
storing and supplying N, C and S to the germinating seedling [12]. Among those 
zein proteins, α-zeins and δ-zeins are deposited in the central region, and γ-zeins 
and β-zeins were deposited in the outer region of protein bodies [19]. The zein 
fractions are rich in cysteine and methionine amino acids, and it also consists of 
glutamine, leucine and proline and is completely devoid of two important essential 
amino acids lysine and tryptophan, whereas other proteins consist of these amino 
acids in large quantities [20]. The zein synthesis serves as a model system to study 
coordinated genetic regulation of several genes expressed at very high levels at a 
specific developmental stage. Suppression of zein fraction without drastically alter-
ing the contribution of other fractions could be, thus, seen as a feasible approach to 
bring about improvements in the amino acid balance in maize grain [12].
3.1 Zein gene
Zein is a class of prolamin proteins that are mainly present in maize. All the zein 
polypeptides are products of different structural genes [21]. Most of the prolamin 
genes have a promoter element called the endosperm or prolamin box. The pro-
moter element is present about the 300 base pairs upstream of the translation start 
codon and has a conserved 15-bp element that contains the 7-bp endosperm motif 
(TGTAAAG) [22]. This endosperm motif acts as a tissue-specific enhancer in Mr. 
22,000 gene promoters [23].
Genetic analysis of o2 modifiers revealed several quantitative trait loci (QTLs) 
dispersed on the chromosomes. These identified QTLs were correlated with the 
27-kDa γ-zein gene expression and protein quantity in QPM [24]. The 27-kDa γ-zein 
gene expression is not under the control of the o2 protein [25]. The o2 modifier 
genes involved in the 27-kDa γ-zein gene expressions are observed in two different 
QTLs. The first of these is associated with increased expression [26]. Single copy of 
γ-zein genes encodes the 50, 27 and 16-kDa proteins, which were observed in the 
B73 genome [27]. Based on the allotetraploidization and protein-sequence similar-
ity, both 27 and 16 kDa γ-zein genes originated from a common progenitor [28]. 
It is about 20–25% of total zeins; the low abundance 50-kDa γ-zein gene has low 
similarity with other two γ-zein genes [27]. The γRNAi and βRNAi were involved in 
maize kernel opacity to increase the intensification. It reveals that opacity was not 
involved in reducing the thickness of the opaque-2-mutated endosperm; it is due 
to partial arrangement of starch granules in the endosperm [29]. Although discrete 
protein bodies were observed in endosperm cells, honeycomb-like masses of protein 
bodies were observed. It indicates that different zeins have played an important role 
in the endosperm development.
4. Nutrition analysis of QPMs
Generally, quality of protein nutrition was estimated by composition of amino 
acids, digestibility and amino acid requirement to consume the protein. The 
QPMs are reported to have increased levels of lysine and tryptophan in the endo-
sperm protein, which enhances the biological value of protein similar to the milk 
protein. It has brought about great hope in the effort to improve human nutrition 
[30]. Firstly there is a significant difference in the QPM kernel when compared to 
normal maize kernel. Kernel hardness was determined by calculating floatation 
index where it is 57% for QPM, whereas for normal maize, it is 19.7%. The whole 
kernel protein was 13.15% in QPMs with contribution of 8.6 and 13.88% from 
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endosperm and germ, whereas it is 9.25% in normal maize with contribution of 
7.9 and 1.28% from endosperm and germ, respectively [18]. An improvement of 
protein quality has been correlated with the presence of the opaque-2 mutant gene 
[31]. Crude protein of QPM was higher than the normal maize, and the propor-
tional contribution of the germ is lower in QPMs than with normal varieties. 
These structural and biochemical changes that happen in the kernel lead to the 
modifications of the protein profile, both in content and structure, and there-
fore on the functionality of the protein extracted from QPM [30]. Based on the 
chemical component analysis, QPM whole kernels showed highest protein content 
compared with normal maize [32].
5. Efforts in enhancing QPM production
5.1 Genetics of QPM
QPM contains the mutation at opaque-2 loci, which changes the protein compo-
sition of the maize endosperm, resulting in increased concentrations of lysine and 
tryptophan [33]. The increase in concentration (60–100%) of these two essential 
amino acids increased the biological value of QPM (80%), when compared to 
normal maize (40–57%) [34]. The biological value of cow milk protein was about 
90%, whereas QPM has about 80% value [35].
QTL mapping of o2 modifiers insights that it encodes that the 27-kDa - zein pro-
tein and it is observed on chromosome-7 long arm [36]. The function of the 27-kDa 
zein protein in the formation of vitreous endosperm was revealed when the protein 
quantity increased threefold in QPM compared with soft opaque-2 mutant [37]. An 
increase in the number of zein proteins and their compaction between starch grains 
is partially involved in endosperm modification in QPM [38]. The o2 modifier genes 
have complexity in inheritance [12]; it reveals that several other loci control the 
formation of a vitreous kernel in QPM. For identifying the other factors linked to 
the endosperm modification, [39] performed a proteomic study of the non-zein 
proteins, and it was observed that the quantity of a starch synthesis enzyme and 
the amylopectin branching structure are changed in QPM. It is supported that QPM 
starch expands more than normal maize. It reveals that suppression of the opaque 
endosperm in QPM was associated with the starch grain properties.
Maize protein quantity can be enhanced with the opaque-2 (o2) mutation, 
which increases the lysine and tryptophan levels by decreasing the synthesis of 
zeins. The QPM utilization mainly restricts due to chalky and soft texture kernels 
[3]. The quality protein maize was developed based on introgression of opaque-2 
QTLs, called o2 modifiers which convert to hard and vitreous endosperm [40]. 
QPM development has significantly improved the status of nutrient-deficient 
people who suffer from malnutrition and protein energy deficiency in the develop-
ing countries [41].
6. Breading efforts in QPM
Although QPM breeding has been practiced for more than 60 years, genetic 
mechanism and genetic components controlling endosperm modification are 
not clearly understood. Opaque-2 (o2) modifier loci have been distributed on six 
chromosomes [26]. The opaque-2 modification is positively correlated with 27-kDa 
γ-zein in an F2 population and recombinant inbred lines (RILs), which are produced 
through crosses between QPM and an o2 mutant as parents [42]. Gene silencing 
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or deletion of γ-zeins eliminates 27-kDa γ-zein expression, and it eliminates the 
formation of vitreous endosperm [43]. Zein proteins are stored at rough endoplas-
mic reticulum-retained protein bodies in the endosperm [44]. For protein body 
formation, 27-kDa γ-zein, 16-kDa γ-zein and 15-kDa β-zein plays an important 
role in initiation and stabilization [19]. Zein gene knockout studies in QPM showed 
irregular, clumped protein bodies in lesser number and an opaque phenotype [29].
Worldwide different agricultural research centers are showing significant 
progress in increasing the lysine and tryptophan content in the whole grain [16]. 
Maize varieties’ improvement and QPM conversion programs, a multi-trait selec-
tion procedure using independent selection levels has been employed to increase 
grain yield, resistance to pest and diseases, accumulate modifiers and improve 
other important traits in which QPM germplasm is defective [4]. In QPM breeding 
program, protein and tryptophan analysis in germplasm is an important step [45, 
46]. A broad range of the CIMMYT’s maize populations have been converted to 
QPM. This germplasm is reported to have high potential for QPM cultivar devel-
opment [47, 48]. QPM with high protein quality and grain yield could be accepted 
by the farmers [1]. QPM germplasm has been widely used for the development 
of QPM cultivars with high grain yield in African countries [16]. The important 
problem in QPM breeding is abiotic stresses. Water stress and soil infertility are 
the most important stresses that reduce maize productivity in developing coun-
tries. It affects major maize yield loss in African countries [49]. High land usage 
affects the soil fertility and decreases the nitrogen content in the soils [50]. Global 
climate change could influence the soil fertility and water holding capacity, and it 
also affects the maize production [51].
Worldwide, a large number of normal maize hybrids have been released and 
commercialized. But the QPM-based germplasm is quite narrow, and significantly 
small numbers of genetically diverse QPM hybrids are available. Nearly 12 QPM 
hybrids have been released in India, compared to greater than hundred normal 
maize hybrids [52]. In this context, it is necessary to develop various QPM varieties 
across the world. Conversion of QPM through conventional breeding takes at least 
10–15 years. Conversion of elite normal maize hybrids into QPM hybrids requires 
lesser time, initially due to tested combining ability, heterosis and adaptability of 
the released hybrids [53]. Opaque-2 recessive allele introgression through conven-
tional backcross breeding of 6–7 generations is required. Through marker-assisted 
advanced backcross breeding, time could be significantly reduced to two back-
crosses [54, 55].
The opaque-2 mutation in maize inspired the research interest, with wishes 
to significantly increase the nutritional status of maize consumers in develop-
ing countries. QPM, which has high lysine and tryptophan, holds the security of 
improving the nutritional condition of children whose main staple food is maize. It 
is an alternative food for protein supplement in the diet. QPM has been an alterna-
tive to the people who are using synthetic lysine and tryptophan.
6.1 QPM genotypes for stress conditions
Under stress conditions, the quality of the QPM protein does not vary, but 
the modifications of endosperm and the content of the proteins vary greatly. To 
enhance the yield of QPMS under different stress conditions is the major constrain 
for the breeders. Drought stress affects on QPM yield mainly in grain-filling 
stage [56]. Some studies reported that the supply of selenium to the plant could 
reduce the negative effects of the water stress conditions and is considered as the 
cost-efficient approach to improve the quality and yield of maize [57]. Supplying 
nitrogen and sulfur results in the enhanced growth and yield of QPMs [58]. Some 
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QPM have the potential to resist some biotic stresses that are caused by some 
diseases and pests, but the development of QPMs that has resistance to pest or 
diseases that attack the grains got more importance. Thus the CIMMYT developed 
the QPM varieties that are resistant to some viruses and are distributed to the 
National Agricultural Research System (NARS) breeders that are present at differ-
ent countries in 2002 [59]. During the breading process of QPMs, multiple genes 
are involved in enhancing the yield of grains, whereas nonadditive gene actions are 
highly involved for inheritance of the trait. QPM hybrids that are evaluated under 
salt-, drought- and Striga-affected conditions showed nonadditive gene action [60]. 
Different varieties of QPM genotypes that adapt to the environmental conditions of 
sub-Saharan Africa were developed by the CIMMYT (2005), and thus great benefits 
for children have been documented [61]. QPM hybrids could help the poor people 
for elevation of malnutrition in developing countries.
7. Conclusion
There is a need for the development of QPM hybrids in developing countries 
for protein energy source. All the agricultural research institutes have started this 
QPM improvement work. Through conventional breeding methodologies, the 
international maize research center research team has slowly improved the original 
opaque-2 problems. Marker-assisted breeding is an alternative method to improve 
the QPM production and productivity in the developing countries.
Acknowledgements
The author thanks the Head of the Department of Biotechnology, KL University, 
Guntur, Andhra Pradesh, India, for reviewing the book chapter.
Conflict of interest
The author declares that there is no conflict of interest on this book chapter.
Author details
S.R. Krishna Motukuri
KLEF University, Guntur, Andhra Pradesh, India
*Address all correspondence to: msrkrishna81@gmail.com
© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
7Quality Protein Maize: An Alternative Food to Mitigate Protein Deficiency in Developing…
DOI: http://dx.doi.org/10.5772/intechopen.89038
References
[1] Vasal SK. The quality protein 
maize story. Food and Nutrition 
Bulletin. 2000;21:445-450. DOI: 
10.1177/156482650002100420
[2] Kumar A, Jat SL, Kumar R, 
Yadav OP, Campus P. Maize Production 
Systems for Improving Resource-
Use Efficiency and Livelihood 
Security. New Delhi: DMR; 2013. 
p. 123. Available from: https://
s3.amazonaws.com/academia.
edu.documents/44282018/
Maize_production_systems_for_
improving_r20160331-17801-1o7ae6u.
pdf?response-content-disposition= 
inline%3B%20filename%3DMaize_
production_systems_for_improving_r.
pdf&X-Amz-Algorithm=AWS4-
HMAC-SHA256&X-Amz-Crede
ntial=AKIAIWOWYYGZ2Y53U
L3A%2F20190806%2Fus-east-
1%2Fs3%2Faws4_request&X-Amz-
Date=20190806T084645Z&X-
Amz-Expires=3600&X-Amz-
SignedHeaders=host&X-Amz-Signatur
e=5939035cb4b8292e04dc9ac5ec77d66a
f4be3e7f93ed3ad2e0da77d0710338bd
[3] Vasal SK, Villegas E, Bjarnason M, 
Gelaw B, Goertz P. Genetic modifiers 
and breeding strategies in developing 
hard endosperm opaque-2 materials. 
In: Pollmer WG, Phillips RH, editors. 
Improvement of Quality Traits of Maize 
for Grain and Silage Use. London: 
Martinus Nijhoff; 1980. pp. 37-73. 
Available from: https://www.cabdirect.
org/cabdirect/abstract/19811605259
[4] Bjarnason M, Vasal SK. Breeding 
of quality protein maize (QPM). Plant 
Breeding Reviews. 1992;9:181-216 
Available from: https://books.google.
co.in/books?hl=en&lr=&id=W9aJNVA3
C_0C&oi=fnd&pg=PA181&dq= 
Breeding+of+quality+protein+maize+
(QPM)&ots=OJDw2JlGi8&sig=V5Hs2
wgfklTUzXY5QmxlOCdyroo#v=onepa
ge&q=Breeding%20of%20quality%20
protein%20maize%20(QPM)&f=false
[5] Villegas E, Vasal SK, Bjarnason M. 
Quality protein maize - what is it and 
how was it developed. In: Mertz ET, 
editor. Quality Protein Maize. St Paul, 
Minnesota: American Society Cereal 
Chemistry; 1992. pp. 27-48
[6] Geevers HO, Lake JK. Development 
of modified opaque2 maize in South 
Africa. In: Mertz ET, editor. Quality 
Protein Maize. St Paul, Minnesota: 
American Society Cereal Chemistry; 
1992. pp. 49-78
[7] Wheeler T, Von Braun J. Climate 
change impacts on global food security. 
Science. 2013;341:508-513. DOI: 
10.1126/science.1239402
[8] FAO. World Food Programme, 
International Fund for Agricultural 
Development, the State of Food 
Insecurity in the World: Economic 
Growth Is Necessary but Not Sufficient 
to Accelerate Reduction of Hunger 
and Malnutrition. Rome: FAO; 
2012. Available from: www.fao.org/
docrep/016/i3027e/i3027e00.htm
[9] Temba MC, Njobeh PB, Adebo OA, 
Olugbile AO, Kayitesi E. The role of 
compositing cereals with legumes to 
alleviate protein energy malnutrition 
in Africa. Journal of Food Science and 
Technology. 2016;51:543-554. DOI: 
10.1111/ijfs.1303
[10] Gibbon BC, Larkins BA. Molecular 
genetic approaches to developing quality 
protein maize. Trends in Genetics. 
2005;21:227-233. DOI: 10.1016/j.
tig.2005.02.009
[11] Anonymous Grain Zea Production 
Maps and Statistics. 2010. Available 
from: http://www.fas.usda.gov/
psdonline/
[12] Prasanna BM, Vasal SK, Kassahun B, 
Singh NN. Quality protein maize. 
Maize - Production and Use
8
Current Science. 2001;81:1308-1319. 
Available from: https://www.jstor.org/
stable/24105845
[13] Yadav OP, Prasanna BM, 
Yadava P, Jat SL, Kumar D, Dhillon BS, 
et al. Doubling maize (Zea mays) 
production of India by 2025–
challenges and opportunities. Indian 
Journal of Agricultural Sciences. 
2016;86:427-434. Available from: 
https://www.researchgate.net/profile/
Shankar_ Jat/publication/301230943_
Doubling_maize_Zea_mays_
production_of_India_by_2025_-_
Challenges_and_opportunities/
links/570e3aa708aee328dd652f9c.pdf
[14] Badu-Apraku B, Annor B, 
Oyekunle M, Akinwale RO, 
Fakorede MAB, Talabi AO, et al. Grouping 
of early maturing quality protein 
maize inbreds based on SNP markers 
and combining ability under multiple 
environments. Field Crops Research. 
2015;183:169-183. DOI: 10.1016/j.
fcr.2015.07.015
[15] May T, Klatt K, Smith J, 
Castro E, Manary M, Caudill M, et al. 
Supplementation prevents a hallmark 
disturbance of kwashiorkor in weanling 
mice fed a maize vegetable diet: Hepatic 
steatosis of undernutrition. Nutrients. 
2018;10:653. DOI: 10.3390/nu10050653
[16] Krivanek AF, De Groote H,  
Gunaratna NS, Diallo AO, Friesen D. 
Breeding and disseminating quality 
protein maize (QPM) for Africa. African 
Journal of Biotechnology. 2007;6:312-
324. Available from: https://repository.
cimmyt.org/xmlui/bitstream/
handle/10883/3045/89937.pdf: 
https://repository.cimmyt.org/xmlui/
bitstream/handle/10883/3045/89937.pdf
[17] Wu Y, Holding DR, Messing J. 
Gamma-zeins are essential for 
endosperm modification in quality 
protein maize. Proceedings of the 
National Academy of Sciences 
of the United States of America. 
2010;107:12810-12815. DOI: 10.1073/
pnas.1004721107
[18] Gayral M, Gaillard C, Bakan B, 
Dalgalarrondo M, Elmorjani K, 
Delluc C, et al. Transition from vitreous 
to floury endosperm in maize (Zea 
mays L.) kernels is related to protein 
and starch gradients. Journal of 
Cereal Science. 2016;68:148-154. DOI: 
10.1016/j.jcs.2016.01.013
[19] Lending CR, Larkins BA. Changes in 
the zein composition of protein bodies 
during maize endosperm development. 
The Plant Cell. 1989;1:1011-1023. DOI: 
10.1105/tpc.1.10.1011
[20] Sofi PA, Wani SA, Rather AG, 
Wani SH. Quality protein maize (QPM): 
Genetic manipulation for the 
nutritional fortification of maize. 
Journal of Plant Breeding and Crop 
Science. 2009;6:244-253. Available 
from: https://s3.amazonaws.com/
academia.edu.documents/34119391/
Wani_maize2009.pdf?response-
content-disposition=inline%3B%20
filename%3DReview_article_
Quality_protein_maize_QPM.
pdf&X-Amz-Algorithm=AWS4-HMAC-
SHA256&X-Amz-Credential=AKIAIW
OWYYGZ2Y53UL3A%2F20190806%2
Fus-east-1%2Fs3%2Faws4_request&X-
Amz-Date=20190806T092131Z&X-
Amz-Expires=3600&X-Amz-
SignedHeaders=host&X-Amz-Signatur
e=c9e3a2dec8a5080d0cd07e71ed9ec59fd
8c816cf0d6c763642dfd2605c8b0140
[21] Tripathy SK, Ithape DM, 
Maharana M, Prusty AM. Quality 
protein maize (QPM): Genetic basis 
and breeding perspective. Tropical 
Plant Research. 2017;4:145-152. DOI: 
10.22271/tpr.2017.v4.i1.021
[22] Muller M, Muth R, Gallusci P, 
Knudsen S, Maddaloni M, Motto M, 
et al. Regulation of storage protein 
synthesis in cereal seeds: Developmental 
9Quality Protein Maize: An Alternative Food to Mitigate Protein Deficiency in Developing…
DOI: http://dx.doi.org/10.5772/intechopen.89038
and nutritional aspects. Journal of Plant 
Physiology. 1995;45:606-613. DOI: 
10.1016/S0176-1617(11)81271-X
[23] Coleman CE, Larkins BA. The 
prolamins of maize. Seed Proteins. 
Kluwer Academic Publishers; 1999:109-
139. DOI: 10.1007/978-94-011-4431-5_6
[24] Geetha KB, Lending CR, Lopes MA, 
Wallace JC, Larkins BA. Opaque-2 
modifiers increase gamma-zein 
synthesis and alter its spatial 
distribution in maize endosperm. The 
Plant Cell. 1991;3:1207-1219. DOI: 
10.1105/tpc.3.11.1207
[25] Ueda T, Waverczak W, Ward K, 
Sher N, Ketudat M, Schmidt RJ, et al. 
Mutations of the 22- and 27-kD zein 
promoters affect transactivation by 
the Opaque-2 protein. The Plant Cell. 
1992;4:701-709. DOI: 10.1105/tpc.4.6.701
[26] Holding DR, Hunter BG, Chung T, 
Gibbon BC, Ford CF, Bharti AK, et al. 
Genetic analysis of opaque2 modifier 
loci in quality protein maize. Theoretical 
and Applied Genetics. 2008;117:157-170. 
DOI: 10.1007/s00122-008-0762-y
[27] Woo YM, Hu DW, Larkins BA, 
Jung R. Genomics analysis of genes 
expressed in maize endosperm identifies 
novel seed proteins and clarifies 
patterns of zein gene expression. The 
Plant Cell. 2001;13:2297-2317. DOI: 
10.1105/tpc.010240
[28] Xu JH, Messing J. Organization 
of the prolamin gene family provides 
insight into the evolution of the maize 
genome and gene duplications in grass 
species. Proceedings of the National 
Academy of Sciences of the United 
States of America. 2008;105:14330-
14335. DOI: 10.1073/pnas.0807026105
[29] Wu Y, Messing J. RNA interference-
mediated change in protein body 
morphology and seed opacity through 
loss of different zein proteins. Plant 
Physiology. 2010;153:337-347. DOI: 
10.1104/pp.110.154690
[30] Omosebi MO, Osundahunsi OF, 
Fagbemi TN. Effect of extrusion on 
protein quality, antinutritional factors, 
and digestibility of complementary diet 
from quality protein maize and soybean 
protein concentrate. Journal of Food 
Biochemistry. 2018;42:e12508. DOI: 
10.1111/jfbc.12508
[31] Hossain F, Muthusamy V, 
Pandey N, Vishwakarma AK, Baveja A, 
Zunjare RU, et al. Marker-assisted 
introgression of opaque2 allele for rapid 
conversion of elite hybrids into quality 
protein maize. Journal of Genetics. 
2018;97:287-298. DOI: 10.1007/
s12041-018-0914-z
[32] Ortiz-Martinez M, Otero- 
Pappatheodorou JT, Serna-Saldívar SO, 
García-Lara S. Antioxidant activity and 
characterization of protein fractions and 
hydrolysates from normal and quality 
protein maize kernels. Journal of Cereal 
Science. 2017;76:85-91. DOI: 10.1016/j.
jcs.2017.05.021
[33] Mertz ET, Bates LS, Nelson OE. 
Mutant gene that changes protein 
composition and increases lysine 
content of maize endosperm. Science. 
1964;145:279-280. DOI: 10.1126/
science.145.3629.279
[34] Bressani R. Nutritional value 
of high-lysine maize in humans. In: 
Mertz ET, editor. Quality Protein Maize. 
St. Paul, MN: American Assoc. Cereal 
Chem; 1992
[35] National Research Council. Quality 
Protein Maize. Washington, DC: 
National Academy Press; 1988
[36] Lopes MA, Larkins BA. Genetic 
analysis of opaque2 modifier gene 
activity in maize endosperm. 
Theoretical and Applied Genetics. 
1995;91:274-281. DOI: 10.1007/
BF00220889
Maize - Production and Use
10
[37] Wallace JC, Lopes MA, Paiva E, 
Larkins BA. New methods for extraction 
and quantitation of zeins reveal a high 
content of γ-zein in modified opaque-2 
maize. Plant Physiology. 1990;92:191-196. 
DOI: 10.1104/pp.92.1.191
[38] Dannenhoffer JM, Bostwick DE, 
Larkins BA. Opaque-15, a maize 
mutation with properties of a defective 
opaque-2 modifier. Proceedings of the 
National Academy of Sciences of the 
United States of America. 1995;92:1931-
1935. DOI: 10.1073/pnas.92.6.1931
[39] Gibbon BC, Wang X, Larkins BA. 
Altered starch structure is associated 
with endosperm modification in 
quality protein maize. Proceedings 
of the National Academy of Sciences 
of the United States of America. 
2003;100:15329-15334. DOI: 10.1073/
pnas.2136854100
[40] Paez AV, Helm JL, Zuber MS. 
Lysine content of opaque-2 maize 
kernels having different phenotypes. 
Crop Science. 1969;9:251-252. DOI: 
10.2135/cropsci1969.0011183X000900
020045x
[41] Nuss ET, Tanumihardjo SA. Quality 
protein maize for Africa: Closing the 
protein inadequacy gap in vulnerable 
populations. Advances in Nutrition. 
2011;2:217-224. DOI: 10.3945/
an.110.000182
[42] Lopes MA, Takasaki K, Bostwick DE, 
Helentjaris T, Larkins BA. Identification 
of two opaque2 modifier loci in quality 
protein maize. Molecular & General 
Genetics. 1995;247:603-613. DOI: 
10.1007/BF00290352
[43] Yuan L, Dou Y, Kianian SF, Zhang C, 
Holding DR. Deletion mutagenesis 
identifies a haploinsufficient role 
for γ-zein in opaque2 endosperm 
modification. Plant Physiology. 
2014;164:119-130. DOI: 10.1104/
pp.113.230961
[44] Burr B, Burr FA. Zein synthesis in 
maize endosperm by polyribosomes 
attached to protein bodies. Proceedings 
of the National Academy of Sciences 
of the United States of America. 
1976;73:515-519. DOI: 10.1073/
pnas.73.2.515
[45] Vasal SK. Quality protein maize: 
Overcoming the hurdles. Journal of 
Crop Production. 2002;6:193-227. DOI: 
10.1300/J144v06n01_11
[46] Vivek BS, Krivanek AF, 
Palacios-Rojas N, Twumasi-Afriyie S, 
Diallo AO. Breeding Quality Protein 
Maize (QPM): Protocols for Developing 
QPM Cultivars. Mexico, DF: CIMMYT; 
2008
[47] Vasal SK, Srinivasan G, González F, 
Beck DL, Crossa J. Heterosis and 
combining ability of CIMMYT’s 
quality protein maize germplasm: 
II. Subtropical. Crop Science. 
1993a;33:51-57. DOI: 10.2135/cropsci199
3.0011183X003300010007x
[48] Vasal SK, Srinivasan G, Pandey S, 
González F, Crossa J, Beck DL. Heterosis 
and combining ability of CIMMYT’s 
quality protein maize germplasm: 
I. lowland tropical. Crop Science. 
1993b;33:46-51. DOI: 10.2135/cropsci19
93.0011183X003300010006x
[49] Bänziger M, Diallo AO. Progress 
in developing drought and N 
stress tolerant maize cultivars for 
eastern and southern Africa. In: 
Friesen DK, Palmer AFE, editors. 
Integrated Approaches to Higher Maize 
Productivity in the New Millennium. 
Proceedings of the 7th Eastern and 
Southern Africa Regional Maize 
Conference. Nairobi, Kenya: CIMMYT/
KARI; 2004. pp. 189-193
[50] Bellon MR. Participatory methods 
in development and dissemination 
of new maize technologies. In: 
Pingali PL, editor. World Maize Facts 
11
Quality Protein Maize: An Alternative Food to Mitigate Protein Deficiency in Developing…
DOI: http://dx.doi.org/10.5772/intechopen.89038
and Trends. MeetingWorld Maize 
Needs: Technological Opportunities 
and Priorities for the Public Sector. 
Mexico: CIMMYT 1999-2000; 
2001. pp. 4-20. Available from: 
https://repository.cimmyt.org/
bitstream/handle/10883/771/74558.
pdf?sequence=1
[51] Bänziger M, Edmeades GO, Beck D, 
Bellon M. Breeding for Drought and 
Nitrogen Stress Tolerance in Maize: 
From Theory to Practice. Mexico, 
DF: CIMMYT; 2000 Available from: 
https://repository.cimmyt.org/xmlui/
bitstream/handle/10883/765/68579.pdf
[52] Yadav OP, Hossain F, Karjagi CG, 
Kumar B, Zaidi PH, Jat SL, et al. 
Genetic improvement of maize in India: 
Retrospect and prospects. Agribiological 
Research. 2015;4:325-338. DOI: 10.1007/
s40003-015-0180-8
[53] Prasanna BM, Pixley KV, 
Warburton M, Xie C. Molecular marker-
assisted breeding for maize 
improvement in Asia. Molecular 
Breeding. 2010;26:339-356. DOI: 
10.1007/s11032-009-9387-3
[54] Babu R, Nair SK, Kumar A, 
Venkatesh S, Sekhar JC, Singh NN, 
et al. Two generation marker aided 
backcrossing for rapid conversion of 
normal maize lines to quality protein 
maize (QPM). Theoretical and Applied 
Genetics. 2005;111:888-897. DOI: 
10.1007/s00122-005-0011-6
[55] Muthusamy V, Hossain F, 
Thirunavukkarasu N, Choudhary M, 
Saha S, Bhat JS, et al. Development 
of β-carotene rich maize hybrids 
through marker assisted introgression 
of β-carotene hydroxylase allele. PLoS 
One. 2014;9:e113583. DOI: 10.1371/
journal.pone.0113583
[56] Tandzi NL, S Mutengwa C, LM 
Ngonkeu E, Woïn N, Gracen V. Breeding 
for quality protein maize (QPM) 
varieties: A review. Agronomy. 
2017;7:80. DOI: 10.3390/
agronomy7040080
[57] Nawaz F, Naeem M, Ashraf MY, 
Tahir MN, Zulfiqar B, Salahuddin M, 
et al. Selenium supplementation affects 
physiological and biochemical processes 
to improve fodder yield and quality 
of maize (Zea mays L.) under water 
deficit conditions. Frontiers in Plant 
Science. 2016;7:1438. DOI: 10.3389/
fpls.2016.01438
[58] Pavithra M, Reddy GP, Chandrika V, 
Umamahesh V. Nitrogen and sulphur 
nutrition for enhancing the growth 
and yield of quality protein maize 
(QPM). Journal of Pharmacognosy 
and Phytochemistry. 2018;7:142-
144. Available from: http://www.
phytojournal.com/archives/2018/
vol7issue6/PartC/7-5-587-516.pdf
[59] Pixley KV. The Development and 
Promotion of Quality Protein Maize in 
Sub-Saharan Africa. Progress Report. 
Vol. 65. Harare, Zimbabwe: CIMMYT; 
2003. Available from: https://repository.
cimmyt.org/xmlui/bitstream/
handle/10883/787/81090.pdf
[60] Annor B, Badu-Apraku B. Gene 
action controlling grain yield and 
other agronomic traits of extra-early 
quality protein maize under stress 
and non-stress conditions. Euphytica. 
2016;212:213-228. DOI: 10.1007/
s10681-016-1757-4
[61] Akalu G, Taffesse S, Gunaratna NS, 
De Groote H. The effectiveness of 
quality protein maize in improving the 
nutritional status of young children 
in the Ethiopian highlands. Food and 
Nutrition Bulletin. 2010;31:418-430. 
DOI: 10.1177/156482651003100304
